Drell-Yan Physics

An Experimental Overview

Ming X. Liu
Los Alamos National Lab



Outline

* Introduction — a brief review of history

* Recent highlights and future prospects
— quark energy loss dE/dx in pA

— Nucleon and nucleus structure

* New opportunity
— Transverse spin physics



The First Dimuon Measurements
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Observation of Massive Muon Pairs in Hadron Collisions*
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and
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Muon Pairs in the mass range 1 <m,,, <6.7 GeV/c? have }Esi
been observed in collisions of high-energy protons %
i : : . &
with uranium nuclei. At an incident energy of 29 5
GeV, the cross section varies smoothly as do/dm , = §’

102/ m, 5 em? (GeV/c)? and exhibits no resonant
structure. The total cross section increases by a
factor of 5 as the proton energy rises from 22 to 29.5

GeV.

Missed the J/Psi!
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Di-lepton probe: a Powerful Tool for Discovery
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The Drell-Yan Process

MASSIVE LEPTON-PAIR PRODUCTION IN HADRON-HADRON COLLISIONS AT HIGH ENERGIES*

Sidney D. Drell and Tung-Mow Yan

Stanford Linear Accelerator Center, Stanford University, Stanford, California 94305
(Received 25 May 1970)

On the basis of a parton model studied earlier we consider the production process of
large-mass lepton pairs from hadron-hadron inelastic collisions in the limiting region,
s—», @/s finite, Q2 and s being the squared invariant masses of the lepton pair and the
two initial hadrons, respectively. General scaling properties and connections with deep
inelastic electron scattering are discussed. In particular, a rapidly decreasing cross
section as Q%/s —1 is predicted as a consequence of the observed rapid falloff of the in-
elastic scattering structure function vW, near threshold.
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Complimentality between DIS and Drell-Yan
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Drell-Yan

McGaughey,
Moss, Peng,

Ann.Rev.Nucl.
Part. Sci. 49
(1999) 217
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Both DIS and Drell-Yan process are tools to probe the quark and
antiquark structure in hadrons (factorization, universality)



Fermilab Dimuon Spectrometer: Fixed Target Drell-Yan
(E605 / 772 / 789 / 866 / 906)
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1) Fermilab E772 (proposed in 1986 and completed in 1988)
"Nuclear Dependence of Drell-Yan and Quarkonium Production"

2)Fermilab E789 (proposed in 1989 and completed in 1991)
"Search for Two-Body Decays of Heavy Quark Mesons"

3) Fermilab E866 (proposed in 1993 and completed in 1996)

"Determination of d /& Ratio of the Protonvia Drell-Yan"
4) Fermilab E906 (proposed in 1999, will run in 2010-2013)
"Drell-Yan with the FNAL Main Injector"
5) RHIC LOI (proposed in 2010)
"Polarized Drell-Yan with Internal Target"



g "+ Kinematic of Fixed Target Drell-Yan
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Measure yields of u*u pairs from
different targets: p+p, p+A

Determine x,, x,

Measure differential cross section
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Highlights of Physics from Fermilab
Dimuon Experiments

* Quark energy loss in nuclear medium

e Sea quarks and gluons in nucleons and nuclei

* Transverse spin physics
— Drell-Yan angular distributions
— Transverse Single Spin Asymmetry: DY vs DIS



Topic (1): Energy loss in the Nuclear Medium

* Parton energy loss has been discovered at RHIC as an
excellent probe of the hot/dense matter.

* However, order of magnitude uncertainties in dE/dX
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Benchmark with DY: Quark Energy Loss in p+A

Final-state
particles

High energy p+A collisions:
Relevant D.O.F.: quarks & gluons

Incident Proton

E g, 2

O
A D

\ Nuclear Target
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Energy loss in Electrodynamics

* Collisional energy loss - = : : S

(ionization and atomic Moo ] ]
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Process Dependence of Parton Energy Loss

Bertsch-Gunion

33 3 O30 33

Initial-State

Final-State

Academic case

(probably inapplicable)

Initial-state E loss:
DY process

Final-state E loss:
SDIS, QGP

1
N X
[o N
0.1
Q.

<

0.01

+
o
+ 0.1
o
<

Bertsch-Gunion E-loss

/’D__.__-a——a———a——-e——u——-u
ole
g -».__..Q—-—o—'—O--—-O'—'O-—'--ﬂ

, L=51m, A, =1fm, u=035GeV

Initial state E-loss Quark jets
Q,=m, =0.94 GeV

Final state E-loss o0—o Mq =0 GeV

o— a8 Mq=1.3GeV

E

= : o—o0 M_=45GeV
h

o_ = -

< 0.0lf o7

0‘001 i 1 IIIIII 1 11 IIIIII L L1 IIIIII 1 L1 IIIIII 11 IIIIII 11
10° 10" 10° 10’ 10 10° 10°
+
p'/2 ~ E, [GeV]

13



Quark Energy Loss in Cold Nuclear Medium

Drell-Yan @E866

o (PRL 86 (2001) 4483)
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1 E

E906 Drell-Yan:2011-2013 X

Log scale in z
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Experimental Sensitivity to Quark Energy Loss

dE.E
dx_XO

* Shortest radiation length in nature X,
=1 x10183m

e C(Clearly distinguish between leading
models for L dependence of E-loss
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Topic (I1): Nucleon is a Complex System
Origin of Sea Quarks

virtual
pion

Drell-Yan
process
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Evidence of Pion Cloud?

_I_ _
pN —ppu—X E866, Phys Rev. D64 (2001) 052002
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pbp
20 Tp >

Systematic Error

Illlllll\ | I][III\ ‘ III’IIII

O 1 1 1 1 1 1 1
0 0.05 0.1 0.15 0.2 0.25 0.3

Sea Asymmetry probed by Drell-Yan
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Pion Cloud Model and the
Orbital Angular Momentum?!

Extra dbar in proton g.s.

Sea Quarks Carry Major Orbital Angular Momentum Component?




Pion Cloud and Orbital Angular Momentum

* Spin puzzle, sea quark flavor asymmetry and L,

G. Garvey, PRC81:055212,2010.

2[‘]70 +a(- \/7‘p075 + —‘I’LOJT )+b(\/7
+b

1
Ay ')+ g‘A%n+>)]

1 2 2
— 2a° -b
1, = [dx[d(x)-u(x)]= =0.147 £0.027
fasy { Hd(x) —u(x)] 3(1+a”+b%)
A 2a* - b’ 1
"L, |p) = =0.147 £0.027 ~ 30%[—
(p'|Eo]") 31 +a +b7) o]

Ag+L, +Ag+L,

NI»—*
l\)l»—*

4/29/11 M. Liu @GHP2011 20



E906 Projections for d-bar/u-bar Ratio

SeaQuest will extend these
measurements and reduce
statistical uncertainty

SeaQuest expects systematic
uncertainty to remain at =1%
in cross section ratio

5 s slow extraction spill each
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Topics (lI1): Transverse Spin Physics

e TMD and the alike: beyond the collinear
approximation
— Sivers functions
— Collins functinos
— and more...

22



Nucleon Structure @Leading Twist
Collinear Approximation ()

k | k
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Partonic interpretation of hard scatterings
Universal functions
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Including k+ ... 5 more (ll)
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Drell-Yan Decay Angular Distributions

© and @ are the decay polar and
azimuthal angles of the u* in the
dilepton rest-frame

Collins-Soper frame

lepton plane (cm)

A general expression for Drell-Yan decay angular distributions:

(o)) lor

Lam-Tung relation: 1-A =2v

ll+)Lcos2 0 + usin 26 cos¢+%sin2 0 cos 2¢

— Reflect the spin-1/2 nature of quarks
(analog of the Callan-Gross relation in DIS)

— Insensitive to QCD - corrections

25



Transversity and TMDs can be probed via DY

Boer-Mulders functions:
- Unpolarized Drell-Yan: do,,, « i"h* cos(2¢)
Stvers functions:
- Single transverse spin asymmetry in polarized Drell-Yan:
Ay fir(x) 1 (x;)
Transversity distributions:
- Double transverse spin asymmetry in polarized Drell-Yan:
A o (x)h (x;)
* Drell-Yan and SIDIS involve different combinations of TMDs
* Drell-Yan does not require knowledge of the fragmentation functions

* T-odd TMDs are predicted to change sign from DIS to DY

(Boer-Mulders and Sivers functions)

Remains to be tested experimentally!

26



Unpolarized DY and Boer-Mulders Function h,™

. hf represents a correlation between quark's &, and

transverse spin in an unpolarized hadron

. hﬁ 1s a time-reversal odd, chiral-odd TMD parton distribution

i can lead to an azimuthal cos(2¢) dependence in Drell-Yan

3

o\ dQ 4

194 GeV/cT+ W /

0 05 1 15 2 25

Qr [GeV]

Boer, PRD 60 (1999) 014012

( : )(da)= [—] [1+)Lcosz0+Msin29008¢+%sin2000s2¢

e Observation of large cos
(2d) dependence in Drell-
Yan with pion beam

® v x iy (x ) (x;)

@ How about Drell-Yan with
proton beam?
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Azimuthal cos2® Distribution in p+p and p+d Drell-Yan

E866 Collab., Lingyan Zhu et al.,
PRL 99 (2007) 082301; PRL 102 (2009) 182001

L = 7+ W at 252 GeV/c

s [ 4 ™+Wat194GeVic T
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I smallv IS observed
“— for p+d and p+p D-Y

0 0.5 1 156 2 25 3 3.5 4

pr (GeV/c)

With Boer-Mulders function h,
v(m W= rX)~ [valence h, ()] * [valence h,;~(p)]
v(pd> p+p-X)~ [valence hy(p)] * [sea hy (p)]

Sea-quark BM functions are much smaller than valence quarks | 23
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Results on cos2® Distribution in p+p Drell-Yan
L. Zhu, J.C. Peng, et al., PRL 102 (2009) 182001

0-3 :I L I LI L I LI I LI I LI I LI I LI I L I:
025 " p+pat800GeV/c _ ]
" F o p+dat800GeVic :
02 |- = » ]
X + ]
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: s paco
> 01 F - =
= 1 1(Boer, Vogelsang;
0.05 |- — ~|Berger, Qiu, Rodriguez-
"iPedraza)
0 f—efeaaiiii o 3
005 [ p+d ]
-01 :I L1 1 1 I 11 1 1 I L1 L1 l 11 11 I 11 1 1 I L1 1 1 I 11 1 1 I L1 1 1 I:
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Combined analysis of SIDIS and D-Y by Melis et al.

More data are anticipated from Fermilab E906
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Future: TAELL
Polarized DY? |

The magie ev
sign change

Drawing from D. Sivers @Santa Fe Polarized Drell-Yan Workshop Dinner 10/31-11/1, 2010



Surprises in Spin Physics
the challenge of “Too Big”

Transverse Single Spin Asymmetries Ay

! ! Left Argonne ZGS, Ppeam = 12 GeV/c
AN = 9L~ f @ ...... 050 ! l T , |
1 1 |
O, +0, é S, | e EE
..... Right 0.25 |- ~ .
Theory Expectation: | Q7T ®
L ]
Small asymmetries at high energies s @
(Kane, Pumplin, Repko, PRL 41, 1689-1692 (1978) ) < 0.00 |rereeee, S
m
AN X f A, ~ 0(10*) theory %
A) —0.25 |- ) ~
. L 2,
Experiments: | F \/E
ZGS, AGS, FERMILAB to RHIC —0.50 | . | .
ppT — 7+ X A,~0(10%) observed 00 0.2 0.4 0.6 08 10
X
F
s =5~ 500 GeV W.H. Dragoset et al., PRL36, 929 (1976)

4/27/11 31



Current Understanding of TSSAs ()

e TMD approach: Transverse Momentum Dependent
Distribution Functions

— Sivers fucntion: nucleon spin and parton kT correlation
— Collins function: spin dependent fragmentation function
— and lots of others ...

SP Phys Rev D41 (1990) 83; 43 (1991) 261 Nucl Phys B396 (1993) 161

Sp
N kT,q \ Sq
p



* Sivers function from SIDIS
|

» Extract Sivers function from SIDIS
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Anselmino, et.al., 2009
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Color Flow in DY and DIS

* The sign change —a new fundamental test
of color gauge formalism

pT+p—>[fy*—>€+€_]+X €+pT—*5+7r+X
DY: repulsive SIDIS: attractive
AN qS/I}[z.)“IS (:U, k__) — —AN 3‘}; (:U, ]‘C_L) Collins ‘02

Twist-3: sign change from gluonic-pole in hard parts

. . . . Ji, Qiu, Vogelsang, Yuan ‘06
In the overlapped region — consistent description Bacchetta, Boer, Diehl, Mulders ‘08
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Importance of Drell-Yan TSSA

* Test the fundamental prediction of sign change in DY
TSSA compared to DIS based on our understanding of
the origin of TSSA

— Test of gauge formulism 1 L
— Test of QCD factorization S (ke )‘smzs = = Jir (X, k7 )‘DY

* Help to resolve the proton spin puzzle?

* One expect the observation of Sivers Asymmetry signals the
existence of partonic orbital angular momentum

1 1

—=—Ag+L +Ag+ L
2 2 T q'\ 4

only ~30% of spin Beginning to be

measured at RHIC A future
challenge .



? Transverse spin physics: birth and growth
!

= Hijstorically transverse spin physics has been a source of much
controversy

= Early days (before 1980s), it was thought to be not very interesting
= Recently it has become a very active research branch

= Citations tell the story: Sivers function - birth and growth

250-

D. Sivers, PRD41, 1990

200 -

150

M Sivers

100-

50-

1990 - 1993 1994 - 1997 1998 - 2001 2002 - 2005 2006 - 2011

Apr 4, 2011 Zhongbo Kang, RBRC/BNL



! Future avenues for checking sign change in Drell-Yan
|

= AnDY program (IP2) at RHIC: 2013
COMPASS-II at CERN: 2013
PHENIX and STAR at RHIC: after 2017

= Decadal plan
Fixed target DY at Fermilab

Fixed target DY at JPARC
Santa Fe Polarized Drell-Yan Physics Workshop

October 31- November 1, 2010
Hilton of Santa Fe (Fall APS/DNP hotel)
Santa Fe, NM 87501

April 25, 2011 Zhongbo Kang, RBRC/BNL 3729



Drell-Yan Production @RHIC

p + p - e...e- + x, fLdt = 200 pb-' o.os_Drell-YanSvers A 4GeV<M<10GeV

"220000'_ All events with M,, >[4.0 GgV o
o [ ‘
"317500:— / -0.05
o |
O5000-
'gmf Vs|= 200 Ge) .18k
2312500: 0 1 2 3y a4

ool -A, @large XF

ol - PHENIX muon

s000] acceptance

2500 -1.2< |y| <24

: - muon p > 2.5GeV

Figure 5: PYTHIA simulation of the rapidity distribution of e* e~ dileptons produced through the
Drell-Yan process. The importance of large rapidity to probe the valence region is illustrated by
selecting events with x; > 0.3.
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TN
PH-<ENIX

The PHENIX detector

2008 PHENIX Detector
PC

Philosophy: e SR TEC

High rate capability to measure rare probes,

limited acceptance.

* 2 central spectrometers

— Track charged particles and detect
electromagnetic processes

e 2 forward muon spectrometers Beam View

— ldentify and track muons
Central Magnet
%
ZDC South
-
- il

e Relative Luminosity |||

2 forward calorimeters (as of 2007!)
Measure forward pions

ZDC North
[

— Beam-Beam Counter (BBC)
— Zero-Degree Calorimeter (ZDC)

South Side View North

39



Silicon V7

* Tracking muons with MuTr+FVTX

— Prompt muons from DY

— Displaced tracks from /K and heavy

quark decays

SG dimuons
§16E
210" -
J Drell Yan
1015— \
¢ E_ M Y-states
10 JIY \ ~J
- 25
L N4
16 \&
E P I T T L\ N \‘\J LA WA | SR RN T
0 2 4 6 8 10

2>DY: 4 GeV <M <8 GeV,

12
Mass (GeV)

B-background: use FVTX

to Central arm

"X, Heavy Quark and Drell-Yan
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\ Silicon planes “L»
e to Muon arm
P
}1\ >l
P
_’", . e’ < ~ I 410 =
co plg:gtn Dlsta/nge—of Closest Approach
|_Efficiency vs mass |
> 1C
g F
209
5os- DCA<1locut:
07— Increase DY/bb~5
06—
050 Drell Yan
04
0.3%
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o beauty —
-~T. . . combinatorial background, |
4 6 8 10 12
mass [GeV]
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Sivers Asymmetries in SIDIS and DY

“Transverse-Spin Drell-Yan Physics at RHIC” (http://spin.riken.bnl.gov/rsc/write-up/dy_final.pdf)

* Important test at RHIC of recent fundamental QCD predictions for the Sivers effect,
demonstrating... attractive vs repulsive color charge forces

Sivers Amplitude
2 (sin(9-0g) )it
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—
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and uncertainty
with background

RHIC II, 250 pb™
Drell Yan Sivers Ay
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e PHENIX
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v W*- & Z° Transverse SSA @500GeV ?

I* Kang & Qiu PRL 103, 172001 (2009)
N :;: 0:q.<3 GaV " o !
o2 aes
< pas PN
o1 o0 | a3 Gev
e Latest theoretical progress | a
— Test time-reversal universality of Sivers FASA05 0051 152 ZA5 105005 1 1532
functions with W/Z WH/- ™ Y
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COMPASS facility at CERN (SPS) I
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DY @COMPASS projections |

With a beam intensity Ij.... = 6 x 107 particles/second,
a luminosity of L = 1.7 x 10%* em~=2s~! can be obtained.

— Assuming 2 years of data-taking, one can collect > 200000 DY
events in the region 4 < M,,,, < 9. GeV/c?.

Predictions for the Sivers asymmetry in the COMPASS phase-space,
for the mass region 4. < M < 9. GeV/c?, compared to the expected
statistical errors of the measurement:

sin g

, Ay

— solid and dashed: Efremov et al, 0.25

PLB612(2005)233;

— dot-dashed: Collins et al,
PRD73(2006)014021;

— solid, dot-dashed: Anselmino et al,
PRD79(2009)054010;

—boxes: Bianconi et al, PRD73(2006)114002;

— short-dashed: Bacchetta et al, N AT e
PRD78(2008)074010. o T T TxeExex
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Drell-Yan Spectrometer for E906

Station 3
(Hodoscope array, drift
chamber track.)

Station 1
(hodoscope array,
MWPC track.)

= Iron Wall
(Hadron absorber)

Station 4
(hodoscope
array, prop
tube track.)

KTeV Magnet
(Mom. Meas.)

Targets Solid Iron Magnet (Sht::oz:o?)e array
(liquid H,, D, (focusing magnet, drift chamber track.)

hadron absorber and

and salid targets) beam dump)



UVA/J-Lab/SLAC Polarized
proton/deuteron target

Polarized NH,/ND, targets
Dynamical Nuclear Polarization
Operate at 5 Tand 1 K. Pol ~ B/T

Used with high beam intensities —
up to ~¥100 nA

Large capacity pumps
Polarizations:

— p>90%,

— d~50%

Able to handle high luminosity
— upto~ 103 (HallC)
~ 1034 (Hall B)

D. Crabb MENU10
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Expected DY Ay Sensitivity @120 GeV.
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 Sivers Asymmetry in Drell-Yan
pp = U, 4<M,, <9 GeV
® FermiLab projected

p, . =120GeV, 1 0" beam protons
6 cm NH_, larget, PT=0.8 =7

-
”
-

P(muon)>5 GeV -’

/
’
/

/
/

e e S e e

- .
-
- - -

DY
Ay

— -

- o
- - e -

1 y Anselmino et al. 2009

- :. __ | Centrol volue ond range
6 -04 -02 0 02 0.4 -2(31.6
=X %



Polarized DY w/ Fixed Target @RHIC ?

Polarized fixed target DY
exp. with extracted
polarized proton beams:

Fixed Target DY Exp.
@Beam Dump

1. High density LH,/
LD, target

2. High density
polarized targets

3 Map out x-dep.

- 250 GeV proton beams
- Pol up to 70%
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Fixed Target @RHIC ?

e Beam dump experiment: dimuon channel
— Parasitic mode
 Significant beams still left at the end of a store (¥50%)
* Cycle time ~8hr
— Dedicated fixed target
e Cycle time ~ 1hr
— Dimu x-section @ 250 GeV (M>4) ~20pb

* Targets
— E906-like unpolarized LH, target
* 51cm LH2 (2.1x10%%/cm?)
* Can handle L~ 1x103¢cm2s!

— Polarized solid target ——
e UVA/J-Lab/SLAC: L ~103°cm2s] Mass =7.0 GV X 0, 2, 4
_——

* Advantages )
— Polarized beams 1
— (polarized) targets
— Higher Energy and large x-coverage
— High luminosity

inches
o = UESY e

=
Station 4 and Muon 1D w3l




DY A, Sensitivity @250 GeV Fixed Target
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0.1
0.08)
0.06}
0.04 :
0.02"

-
x
-0.021
H

0,04}

4.5<M<8 GeV
;<1 GeV

10 fb!

50 fb?

50



Proposed Future Polarized DY Exp’s

Y. Goto 4/2010 CERN DY

COMPASS nt + pT 160 GeV x2=0.2-0.3 2 X 1033 cm%s?
Vs =17.4 GeV

COMPASS (low mass) it +pT 160 GeV x2 ~0.05 2 X 103 cm2s?
Vs =17.4 GeV

PAX pT + pbar collider x1=0.1-0.9 2 X 10% cm2s?
Vs =14 GeV

PANDA pbar +pT 15 GeV x2=0.2-0.4 2 X 1032 cm%s?

(low mass) Vs =5.5GeV

J-PARC pT+p 50 GeV x1=0.5-0.9 1035 cm2s°?
Vs =10 GeV

NICA pT +p collider x1=0.1-0.8 1030 cm2s°1
s =20 GeV

SPASCHARM p+ph 60 GeV x2 =0.05-0.2

(low mass) Vs =11 GeV

SPASCHARM nt+pl 34 GeV x2=0.1-0.3

(low mass) Vs = 8 GeV

RHIC PHENIX pT +p collider x1=0.05-0.1 2 X 103 cm2s

Muon s = 500 GeV

RHIC Internal pT +p 250 GeV x1=0.25-0.4 2 X 103 cm%s?

Target phase-1 Vs =22 GeV

RHIC Internal pT +p 250 GeV x1=0.25-0.4 6 X 103* cm2st

Target phase-2 Vs = 22 GeV

- Polarized DY Dimuon Exp. at Fermilab Main Injector: 120GeV
- RHIC fixed target possibility: 250 GeV



Summary and Outlook

* Drell-Yan is a powerful tool complimentary to
DIS for exploring nucleus structure

* Very interesting results obtained from DY in
the past

* Active worldwide programs, current and
future Exps will address many critical issues in
hadron spin and flavor physics
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World Map of QCD Facilities
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RHIC Polarized Protons: Plans

Assume: polarized proton running 2011 to 2014 for W-physics
with longitudinal polarization at STAR and PHENIX

2009 | 2011 2012 2013 2014 | Design

Polarization 35% 50% 55% 60% 65% 70%
<Luminosity> 0.6 1.0 1.5 2.0 2.5 2.0
in1032cm-2s-1
longitudinal spin for W-physics
and AG with [Ldt ~ 300 pb

—

= (1) Drell-Yan Program with transverse spin in STAR and PHENIX
will not start before run 15 (starting late 2014).

(2) 11-14: Drell-Yan with longitudinal polarization using “W-sample”
(3) Initial ideas for dedicated Drell-Yan experiment at 1P-2
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Decadal Plan

Midterm upgrades until 201

Long term evolution after 2015
Dynamical origins of spin-
dependent interactions

New probes of longitudinal spin
effects

Measurement with polarized He?
and increased energies

Physics

PHENIX Midterm sPHENIX  SuperQCD Era
Physics Plan Physics Plan  (s+e)PHENIX

2010 2012 2014 2016 2018 2020 2022

® on VTX

(] | | |

O F silicon FVTX

E I | | |

8 trigger / RPC

] | | |
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| B oidal M
| "
Compact
T Intermediate
CEMCal,
I I 1l
F Forward E
u

| | [ I
| | | | | Ll

. Stochastic Cooling (longitudinal + transverse) | |

2 ) ] ' ) ' " ' ' ' "

© EBIS

) | | | Electron Lens + 56 MHz Storage RF

www.phenix.bnl.gov/plans.html
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v

Polarized Drell Yan

N

-0.02

Solid factorization current Muon arm

Vs=500 GeV
0<q,<1 GeV

No fragmentation SESERINES

— Direct correlation of intrinsic
transverse quark momentum
to the proton spin

Fundamental QCD test

— Sign of asymmetry compared
to SIDIS

Z. Kang and J. Qiu. Phys. Rev., D81:054020, (2010)
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The STAR Detectors

STAR Detector

Silicon DVertex

Coils Magnet

Calorimeter

Time Projection
Chamber

Time 0f
Flight

Electronics
Platforms

Forward Time Projection Chamber

Barrel
Electromagnetic

(EMC)

Time Projection Chamber |n|<1.6

Calorimeter

Solenoid Magnet

o

&0 03
e
........ = - ald oldld

Forward TPC 2.5<|n|<4.0
Silicon Vertex Tracker In|<1

magnet L
Barrel EMC In|<1 poletip_>
Endcap EMC 1.0<m <2.0

Forward Pion Detector 3.3<|m|<4.1

P]]DDD[I DDDD[[H
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STAR Experiment - Forward Upgrades

n=2.8

FMS !
west north half 88 cells
poletip & opened position|| [ 4 [ 5864_
Rt hadron calorimeter
& PR HE NE | HE e t',"-‘fL'f-:.'-;,’.z‘ffff‘?

FHC: proposed hadronic calorimetry behind the FMS,
essential towards understanding of forward single-spin asymmetries,
enable forward (anti-)Lambda studies, ...

Would be part of a broader forward upgrade concept that is currently being discussed/studied within STAR,
e.g. extended tracking in the form of additional FGT-like disks,
preshower or TRD, converter, and shower-maximum detector for the FMS,
possibly a RICH to separate protons and advanced trigger.



F Predictions for Drell-Yan process at RHIC
|

= Reverse the sign of Sivers from SIDIS and make predictions for Drell-

Yan production at RHIC Kang-Qiu, PRD81, 2010
-
SP y X
e L
4 1
N N
Ay x =A"u+ -A"d <0
9 9
. i Z i
< of < of
002 002
-0.04 004}
! Vs=200 GeV ! Vs=500 GeV
2006 - 0<q <1 GeV 0.06 |- 0<g.<l GeV
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008 | 0,08
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Sivers Functions and DY TSSA

Anselmino et al PRD 79 -54010(2009)
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QCD Correction  “« i %/

K factor collection RN
Dy r2 DY .--:.'J‘\-. z;:-::‘-;‘r‘s“':;' I PR

doypo = K(s,M”)doro f i
A A Wil

Group Beam/target cm Energy K
E288 p/Pt 27.4 1.7
E439 p/W 27.4 1.6+£0.3
CHFMNP p/p 44,63 1.6+0.2
AABCSY p/p 44,63 1.7
NA3 p/Pt 27.4 3.1£0.5+0.3
E537 oW 15:3 2.45£0.12+0.20
NA3 (p-p)/Pt 16.8 2.3+0.4
NA3 /Pt 16.8 2.49+0.37
22.9 2.22+0.33
E326 nf/W 20.6 2.70+£0.08+0.40
NA10 n/W 19.1 2.8+0.1
Goliath n/Be 16.8,18.1 2.5
Omega /W 8.7 2.6x£0.5

Table VII..2. K Factors for dilepton experiments (Grosso-Pilcher and Shochet, 1986).
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